A pis m ellifera, Mandibular Gland Secretions, Pherom one O ntogeny, Exocrine Chemistry Q uantitative analysis o f nine major com ponents of the head extracts o f workers and queens of A pis m ellifera intermissa was carried out. Q ueen and worker com ponent patterns were distinct. The patterns o f both castes changed with age, and the worker patterns were also affected by being reared in the absence o f a queen.
Introduction
Social control via chemical signals in insects is ex emplified in the honey-bees by the m andibular gland signals of the queens [1] , These have been shown to have a variety of effects both on workers and on the production of additional female reproductives [2] . Chemical analyses of the secretions of this gland have indicated that it is dominated by the presence of the fatty acid (Zr)-9-ketodec-2-enoic acid (the "queen substance" , O D A ) [3, 4] which was initially thought to be specific to the queen caste. Subsequent ana lyses of mandibular gland extracts from queens and workers have dem onstrated that the composition of the secretions is affected by age, caste and race [5] , Since the composition of the secretions is affected by all these factors, its expression in the female castes of honey-bees needs to be defined m ore rigorously.
Removal or loss of a queen from a honey-bee col ony can result either in the rearing of a new queen if conditions within the colony perm it such replace m ent or in the production of laying workers from the group of young workers present in the colony [6] . The laying workers may act as "false queens" in that they can elicit retinue behaviour in their nest-mates and may produce mandibular gland secretions that mimic the patterns of components found in queens [5] A p is mellifera intermissa Buttel-Reepen is the honey-bee race native to the western M editerranean A frican coast [7] , It is a bee which produces laying w orkers very rapidly on the removal of the queen [8] . In this characteristic it resembles the Cape honey bee (A. m. capensis) in which laying workers also develop rapidly. Many capensis workers in queenless colonies produce a mandibular gland secretion in which O D A predom inates [9, 10] . Since intermissa w orkers have behavioural similarities to capensis, we decided to investigate the secretions of the m andibu lar glands of the female castes of intermissa in order to determ ine w hether the speed with which laying w orkers develop is related to changes in the composi tion of this secretion.
M aterials and M eth od s
Q ueens of A . m. intermissa were obtained from feral colonies in Sejenane, Tunisia. A t the start of the experim ent, these queens were three months old and had been naturally mated in Tunisia. They were established in colonies of A . m. carnica at the Insti tut für Bienenkunde in Oberursel. The brood pro duced by these queens was removed from the col onies when the cells were sealed and the workers allowed to emerge in an incubator maintained at 33 °C and 65% RH .
W orkers that were 24 h old were sampled from groups of nest-mates emerging in the incubator. In all other cases, individual young (< 24 h old) inter missa workers were placed in a cage with 80 car-niolan bees (A. m. carnica). The cages were supplied with food, placed in an incubator and the intermissa workers harvested at 2, 4, 8, 12, 16 and 21 days after the establishment of the worker groups. Individual intermissa workers that had previously been marked with paint were removed from queenright colonies when they were 5, 13, 16 and > 21 days old. The frequency of sampling in this case was reduced from that of the workers in the carnica groups, since the rate of changes in the composition of the extracts was not expected to be as great. Sampling of the workers consisted of removing them from their cage or col ony, placing them in a refrigerator at 4 °C until they were immobile and then removing the head and plac ing it in 500 |il of dichlorom ethane.
Queens of intermissa were reared by grafting the eggs produced by the queens from Tunisia into queenless carniolan colonies. The sealed queen cells were placed in an incubator and the queens allowed to emerge in the incubator. They were then placed in three frame colonies of carniolan bees where they were allowed to age until harvested in the same m an ner as the workers. Since the genetic relationships of the queens were known, the genetic variance of the secretions could be estimated.
The head extracts were analyzed by removing the head from the solvent, and then evaporating the sol vent just to dryness with a stream of N 2. The residue in the vial was then redissolved in 20 |xl of internal standard solution (containing octanoic acid and tetradecane as the two internal standards) to which was added 20 |jl of bis-(trimethylsilyl)trifluoroacetamide (BSTFA). The mixture was allowed to react for a minimum of 10 min at room tem perature before being analyzed gas chromatographically.
The internal standard solution was made up by accurately weighing approximately 1 mg am ounts of standard n-octanoic acid and tetradecane on a M ettler BE 22 microbalance and placing these in a vial with 4 ml dichlorom ethane. This produced a solution of known composition with a concentration of ap proximately 200 ng/|jl.
The standard solution that was used for the m eas urem ent of the relative mass ratios [11] was produced by accurately weighing am ounts ( ± 1 mg) of the fol lowing: tetradecane, octanoic acid, decanoic acid, methyl p-hydroxybenzoic acid, p-hydroxybenzoic acid, 2-(3-methoxy-4-hydroxyphenyl)ethanol, (E )-9-ketodec-2-enoic acid and 10-hydroxydecanoic acid, and placing these in a vial with 4 ml dichlorom eth ane. The relative mass ratios (RM R) of each of these com pounds was measured relative to tetradecane. M ean R M R 's for each compound were determ ined from 18 successive runs of the standard solution. This standard solution was run each day, before analyses of bee extracts took place, to ensure that R M R 's were within the limits of variability (mean CV of the standard compounds was 11%) found in the series of standard runs. These R M R 's were used to calculate the am ount of each of the compounds in the bee extracts. Since standards for the hydroxy acids (£)-9-hydroxydec-2-enoic acid, (£')-10-hydroxydec-2-enoic acid and 8-hydroxyoctanoic acid were not available, the R M R of the hydroxy acid, 10-hydroxydecanoic acid, was used to estimate the amounts of each of these compounds present in the extracts.
Gas chromatographic analyses were perform ed on a Hewlett-Packard 5890 gas chromatograph fitted with a split-splitless inlet and a 25 m x 0.32 mm methyl silicone coated fused silica capillary column. The split-splitless injection technique was used with hexane as the solvent plug. The carrier gas was hy drogen at a flow rate of 1 ml/min and the oven tem perature was programmed as follows: 60 °C for 1 min then programmed at 50 °C/min to 110 °C, then 3 °C/min from 110 °C to 220 °C and held at 220 °C for 10 min. Chromatograms were recorded and peak areas quantified with an HP 3392 A recording inte grator. Peaks were identified by their retention times relative to the two internal standards and their iden tity was confirmed by GC-MS using a HP-5890 gas chrom atograph interfaced to an HP-5970 mass selec tive detector.
Statistical analyses were perform ed using the pro grams in SAS for Personal Computers, Version 6.
Results

W orkers
The m ajor components of the m andibular gland secretions of this race of honey-bee are given in Table I . These secretions are characterized by the presence of a variety of components that are com mon to the mandibular gland secretions of honey bees. The extracts from the queenless workers are dom inated by the production of (£')-9-hydroxydec-2-enoic acid (H D A 9) until they are 16 days old. Large quantities of 10-hydroxydecanoic acid (H D A A ) and (E)-10-hydroxydec-2-enoic acid (H D A ) are also present. The (£)-9-ketodec-2-enoic acid (O D A ) which is the predom inant com ponent of queen ex tracts is present in these workers by the age of 4 days and is present in relatively large quantities at 8 days old. Exam ination of the standard deviations indi cates that the composition of individual extracts is highly variable.
The extracts from workers obtained from queenright colonies exhibit some differences in composi tion from those of the queenless workers. These con sist of: 1) in most cases H D A is the m ajor component of the extracts and 2) H D A 9, although prom inent, is never quantitatively the most prom inent component. Fig. 1 gives a graphic representation of changes in the chemical composition of the head extracts of the queenless w orker bees as they age. These workers produce secretions that are variable in composition and rich in the num ber of components present. Bees of 16 days and older had mixtures dominated by H D A . Queenright worker bees produce secretions (Fig. 2) of a more uniform composition in which the three acids H D A 9, H D A A and H D A predominate. In both cases there are overall quantitative increases with age.
In order to determ ine the degree to which variabil ity in the composition of the extracts was genetically determ ined, the secretions of individual bees of 16 and 21 days old were analyzed. They were chosen, since their secretions were not undergoing the onto genetic changes seen in bees of younger ages. There was a total of sixteen bees in these two age classes. They were the progeny of four different queens, thus they could be divided into four groups of four sisters. The composition of the extracts of these sixteen indi viduals were subjected to a principal components analysis (PCA) in order to determ ine w hether the secretions produced by sisters formed clusters. None were formed.
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The first factor that was extracted by the PCA accounted for 28% of the variability in component composition. This factor was then used to perform an analysis of variance (A N O V A ) on the four groups of sisters. The means of the groups were not significant ly different from each other (D uncan's Multiple Range Test). The results of the A N O V A were used to estimate the genetic variance of the chemical secretions. For this limited set of data, 33 ± 33% of the total variance was due to genetic effects [12, 13] .
Queens
The results of the analysis of queen head extracts are summarized in Table II and Fig. 2 . The same series of com ponents is present in the queens as in the workers. The queens are distinguished by an order of m agnitude difference in the total amount of com ponents produced and by the predominance of O D A in the mixture once they are more than four days old. As can be seen from Fig. 3 , the composi tion of the secretion undergoes rapid changes in the relative proportions of the constituent compounds as well as a rapid increase in the total amount of com ponents present over the first four days after A t all ages, the queen ex tracts can be readily distinguished from those of w orkers from queenright colonies and those kept in queenless groups.
The genetic variance of the particular mixture of com ponents was estimated with a sib analysis in two groups of sister queens. The extracts obtained from these two sets of individuals were analyzed and then the component composition subjected to a PCA. The two sets of individuals fell into two clusters, one of which was distinct and the other dispersed, indicating that the composition of the secretions can be similar within a group. The first factor (which accounted for 62% of the variability in component mixtures) was then used in an A N O V A . The factor means of the two groups were significantly different from each other (Duncan's Multiple Range Test) and the re sults of this analysis were used to estimate the genetic variance of the component mixtures which was 47 ± 90% of the total variance.
D iscussion
The results presented here are an extensive inves tigation of the com ponent composition of the head extracts of a particular race of honey-bee. They sup ply empirical evidence of the nature and degree of variability present in these exocrine products.
The A . m. intermissa worker m andibular gland secretions exhibit changes which are related both to age and to the presence or absence of a queen ( Fig. 1  and 2 ). The effect of age is largely quantitative, with an increase in total am ount of components produced. The workers were placed in two kinds of experim en tal situation, a single intermissa in a group of heteroracial workers (queenless condition) and intermissa workers from a normal intermissa colony (queenright condition). The effect of queenlessness is similar to that found for other races of honey-bees [10, 14] , the composition of the secretions becomes m ore variable and O D A is found as a component of many of the extracts. W here these results differ from those o b tained previously, is in the production of O D A by workers from queenright colonies. It appears that the production of this component is neither caste specific nor necessarily controlled by presence or absence of a queen in the group. U nder queenless conditions, workers can assume a reproductive role with a num ber of behavioural a ttri butes associated with it. They can be laying workers which are characterized by the ability to produce eggs. In addition, some laying w orkers may exhibit some of the characteristics of a queen in that they elicit court form ation and suppress ovarial devel opm ent in other workers [14] ; they are called false queens [15] . The fact that capensis workers invari ably act as false queens when placed in groups of heteroracial workers [14] , correlated with their abili ty to produce com ponent mixtures in which O D A predom inates [9, 10] , suggested that there might be a connection between the composition of the com po nent mixture produced by the m andibular glands and the behavioural characteristics of the false queens. The finding that both queenright and queenless inter missa workers produce O D A , indicates that the rela tionship between behavioural categories and the chemical composition of a secretion is not straight forward. However, although both intermissa and capensis develop laying workers rapidly [8] , the com ponent mixtures produced by their mandibular glands are distinctly different. Capensis is the only race of honey-bees in which thelytokous parthenogenesis is known to occur commonly [20] and to produce com ponent mixtures in which O D A is the dom inant com ponent. Intermissa on the other hand has workers which produce mixtures similar to those found in workers of other races [10] .
The queen secretions exhibit a pattern which is similar to that of the queens of other races in that it is dom inated by the component O D A [14] , F urther m ore, the composition changes with age, with an ini tial period of rapid change (Fig. 3) over the first 4 days after emergence followed by relative stability after that time. The secretions of intermissa queens have been shown to be more similar in composition to European races of honey-bees than to the two other African races that have been investigated [16] .
The estimate of the genetic variance com ponent of the variability in the intermissa head extract mix tures, although fairly large, was subject to a large standard error and has to be interpreted with great care. Secretions which show a large genetic variance have the potential to be used as labels for kin recog nition, which has been repeatedly claimed for honey bees [19] . O ur analysis of the component mixtures of two groups of related queens shows similar patterns of variability to that found previously for related queens [17] . Such findings supply a possible m echa nism for the behavioural observation by Breed [18] that groups of workers accepted sisters of their own queens more readily than queens that were unrelated to them. However, in spite of pattern similarity among related queens, the high error of the estimate for genetic variance makes it impossible, in the ab sence of data on the ability to w orker bees to dis criminate between mixtures of similar composition, to determ ine the significance of m andibular gland secretions for kin recognition.
